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Recently, Manley and Buckley {1) published an article cn a counter
circuit they designed, which operates on neon lamps. Despite the use of
germanium detectors, however, its maximum counting rate 1s only 500 evenly

distributed pulses per second. We had reported development of similar
counter circults (2) as early as 1948.

A neon lamp 1s a simple system with two stable states. If a voltage
U, less than the firing potential U, but greater than the extinctipn po-
tential U,, is applied to the lamp, it may be either conducting or noncon-
ducting, If it is conducting, the glow indicates which of the two states
is present. The problem is to drive the lamp alternately from one state
to the other by pulses entering the input.  If the transition to just one state
1s recorded at the ontput, a scale-of-two counting unit is obtained. We have
already published an account of the simplest form of such & circuit (2, ¥).

A second counting circuit designed by us is shown in Figures 1 and 2.
Each scale-of-two unit of the circuit operatesg on two double-ancde neon
lamps., MIKh-90 lamps (sometimes called "heaterless thyratrons") may be
used in this capacity. Ome of these lsmps is normally conducting. The
next positive voltage pulse applied to the starting anodes fires the other
laemp and extinguishes the first lamp, since the voltage rise Ug - Ug pro-
duced in the lamp being fired is applied through capacitor C, comnecting the
lamps to the first lamp and causes the veltage on its electrodes to drop be-
low the conducting voltage. The next pulse again changes the state of the
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The time determining the resoluticn of such systems 1s the sum of the
time delay in firing, e time r2quired for giow-current development, and the
deionization time. The latier determines the maximum rate of voltage recovery
in the lamp after extinction, i.e., the charging rate of the capacltora Cp.
The time delay cf firing in tre proposed circulte is substantially reduced
and stabilized by using the previcusly suggested method {2, 5) which sets up
preliminary ionizatisn between the working electrodes through an independent
dark discharge maintained between tnem. In this method the voltage Up applied
to the starting ancdes 15 greater than the firing potential and the current
of the discharge developing is 2imited by a high resistance \Rl.’> 5MQ) to a
valve less than the value corresponding te the beginning of the falllng éec-
tion of the volt-ampere characteristic  Thus, the maximum possible ioniza-
tion wiil preva’l in the lamp. and the firing potential will be automatically

established on 1us starting anode  The 1initial current is made small enough
g0 that it will not cause a gilow discharge from the main anode. Only when
the next puise arrives wili a flash, caused by this pulse, fire the lamp.

In contrast to the above-mentinned circuit by Manley end Buckley, the
counting rate, waen the above metned 13 wsed, 1% dimitad ocoly by Sthe ¢
deilcnizatich time and may exceed 10,000 pulses per second in an individual
unit. Megasurements of the deilonizaticn time have shown that substantial varia-
tions cccur even 1in lawps of the same type.

Tne iamps in the next unit can be fired because of the high voltage rise
while the capacitors Cp are charging, after the lamp from whose anode this
voltage was taken 1s extinguished,as shown in Figure 1, b. However, since the
charging rate of capacitors Cy 1s low, tne lamps in the next unit will fire
oniy after an appreciable delay. Thiz delay will become even greater because
tne voltage rise is preceded by a drop wnich effects a decrease in the initial
current. These factors limit the counting rate to 500-700 pulses per second.

To increase tne counting rate in the first stages, auxiliary MN.5 type
lamps were connected 1n parallel with tne cathode resistor of one lamp in the
unit, snown in Figure 1, a. The battery voltage selected was such that, when
this particular MIKh.90 fires, the voltage drop across 1ts cathode resistor
w11l be alightly less than the firing potential of the MN.S. If now another
lamp of the unit fires from the next pulse, the resulting voltage rise taken
from 1ts cattode added to the existing voltage at the MN-5 lamp will exceed the
firing potential of the MN.5 and it will fire. The sharp positive pulse de-
veloped across resistor Rs will put the next unit in operation. This method
permits us to increase theé counting rate to 5,000-7,000 pulses per second.
Realization of the maximum counting rate in an individual unit 1s difficult
because the capacitor Co can be only partially charged at high pulse fre-
quencies.

Our third circuit, shown in Figure 3, is a ring counter, i.e., firing of
cne of the lamps invelves extincticrn cof the preceding lamp and preparing the
following lamp for firing by the next pulse. The preceding lamps are ex-
tinguished by the capacltors Cp which connect the cathodes of all lamps.
Firing is produced by the positive pulses tc be counted, which are fed to
the starting anodes of all MIKh.G0 lamps. However, in order that the next *
pulse will fire cnly the lamp following the one already fired -~- and not the
other lamps -- small MN-3 neon lamps are connected between the cathode of
each preceding lamp and the starting anode of the following lamp.

Since MIKh.90 firing potentials are not identical, an initial independent
discharge should exist in only one cf these lamps. If the preceding MIKh-90
is not fired, the voltage at the starting asnode of the next lamp will be de-
termined by the firing potential of the MN.3, because the latter is considerably
less than the firing potential of the MI'Kh-90. Since there is no initial ion-
ization in the MIKh.90, the incoming pulse cannot cause it to fire. However,
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1f the precedins lamp is fired, tne voltage at the starting anode of the

next MIKh-GU wiii rise becaass of the voltage Jrop across the cathede resish.
ance of the preceding lamp; an independent dark discharge will thus be set
up in it to prepare the lamp for firlng by the next pulse. Another function
of the MN.% 13 to limit the ampiitude of incoming pulses. Only 1if the pre-
ceding MTKh-9C has been fired will tne dark discharge in the corresponding
MN-3 be interrupted. For tnis reason, 1iis inertis will increase sharply and
the pulse wili enter the starting ancde of the next MIKh-90 without a de-
crease in ampiltude

Tne output tube cperates at each nin pulse, where n 1s the number of
counting units determintins the scaling ratic The row number of the fired
iemp indicates tne number of pulses which are not multiples of n. The ex-
tremely economical operatzon of the proposed circult differentiates it from
ctner counting circuits, sspeciaily from thyratren circuits. The power
drawn by a 10C-multiple counting Ciriuwlt Consislling of two cascaded decade
rings is less than O L w  Such economy 15 cicse o the limit, since practi.
caily &il tne carrent 1z ::ed only to fire Tne iWo i1amps acting as indicators
of the number of pulises counted The ecorcmy and simplicity of the circuit
make 1T possible tc de without & mechanlcal tounter at the output and to re-
place it by several additional scale-of-20 rings According to resolution,
which can be reduced o i-1.95 10°% sec, the propcsed circults are as effi.
cient as elther tnyratreond or even certain circuits operating on electronic
tubes, e.g., Llyvis's circ EREY Tre manufacture of tubes with a shorter
detonizatlcn time would greatly reduce tne resolving tlme.

It nss been assumed tna’t the simplest circutt for driving a mechanical
pulse counter 15 cne using a thyrstrcn L3I But Figure 4 shows a simpler
circuit operating on a MIKL-SO neon lamp Because of the high initial ioniza-~
tion, the sensitivity of the lamp 15 increased considerably. The circuit can
operate not only on positive, bui alsc on negative pulses, 1f they are not

- toc short and il they are fed from a pulse source with lcw internal resistance.

When a negative puise is delivesed. and dark discnarge stops and capacitor

C, begins to charge quickly. The dark discharge current, capable of limiting

the voltage rilse at the starting ancds, -eappears, but not at once becanse of

the inertia of the discharge Fer the parvametiers shown in Figure 4, the
voltage at capacitor 3 will excesd tle firing potential while the dark dis-
cherge 15 developling, thereby firing the lamp a moment later. Unlesz the
voltage suppiled to the starting anode 1s substantially higher than the firing
potential, the circult will operate ouly on positive pulses (Figure 1, ¢).

Because of trhe 1nductance in tne winding of tne counter coil or relay,

a strong positive pulse, the induced emf, appears when the plat> circuit 1s

opened, building up & capacitive lrLBYge ACross the cpen contacts, As the

emf decreases, tne plate voltage drops. I the emf is high, the piate poten-

tial becomes negative to such an extent that firing occurs with reversed

polarity of the tube el=ctrcdes. The mctien of the descending armature of the
3 counter maintains the emf, and the tube fires t1ll the contacts reclose. Since
4 the tube dces nct have time to deionize, it Immed:iately fires again, causing
thumming in the counter. Connecting in tripping contacts, as shown in Figure
4, and grounding the counter core help to decremse the voliage drop because 1t
ig divided between the capacitance of the contacts and that of the winding.
Connecting in resistance Ryi» SMSIfacilitetes smeoth veltage recovery at the
tube plate and eliminates the ~trer type of numming produced by the inductive
kick at QPe instant the contacts close.

When neon lamps are used, & capaciter connected in parallel with the open
contacts (3) only makes the situaticn worse, Besides, its use causes burning
of the contacts, making operation iess reliable. Connecting & high capacitance
(1 kfd) in parallel with the counter coil for spark quenching (3) decseases the
maximum counting rate and damages the lamp. Use of a resistance Ry having three
to ten times the resistance cf the counter winding (Figure 4) reduces the pulse
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emf to a permissible value U = iRp, where 1 18 the current flowing across the
winding before the contacts open. In high-speed counting, the increase in
current consumption produced by this resistor is practicably negligible when
compared with the current required to charge a 1 Wfd condenser.
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[I_n the figures on the next page, tne following key, taken from Radig,
No 2, 1950, probably applies. C 65 = 65 wnfd; C 3T = 3,000 trfd; C 5.5T=
5.500 kimfd; C 0,3 = 0 M £d; ¢ 4,0 = 4,0 Mfd; R 800:= 80088 : R hoT= 40,0008;
R 0.2= 0.2 Mjg R 2,0 2.0 M{il. Tnus,1n Fig 1, 3 and 4 R; 5.0-10.0 =
5.,0410.0 MR, Ry0:1~0.2:= 0.1-0.2 MR, €,30-50 = 30-50 vrfd, and Cpl-5T7 = 1,000~ !
5,000 MK2d, N . !

[Figures follow./
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Figure 1. A Counting Circuit, Consisting of Scale-of-Two Units.

Zfigure 2, omitted here, 15 a photograph of a 128-multiple counter circult,
with and without case_

Figure 3. A Ring Counter Circuit

Figure 4. An Ionic Relay
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